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Abstract— The use of technology in urban transportation has a great impact in achieving better mobility, which 
reflects on the improvement of the economy and environment in cities. Such use would require massive utiliza-
tion of transportation-related data within a smart city framework, in which smart transportation forms one of the 
basic pillars. A pilot application of technology in Palestine has been made to study and analyze the pedestrian-
related problem in crossing the busy arterial street in the study area in front of An-Najah National University 
New Campus in Nablus. This has been done through the analysis of spatio-temporal data collected using mobile 
phones’ GPS receivers. The collected data have been used to investigate the behavior and patterns of pedestrian 
movement and pedestrian speed. The collected spatio-temporal data has been used to represent the pattern of 
pedestrians movement using ArcGIS software, where the coordinates have been analyzed using Spatial Analysis 
Tools including Linear Average Mean and Hot Spot Analysis Tool. The study results included identifying pedes-
trians’ behavior in terms of speed, flow rates, and direction of movement. The mean speed of pedestrians is 
found to be similar of typical values, but the analyses show that the direction of movement is found to be diago-
nal and scattered. It is highly recommended to work on this topic in the future considering the potential of con-
tinuous collection of data using 3G technology, which is expected to be available soon for the Palestinians after 
years of being forbidden by the Israeli occupation authorities. 
 




Pedestrians’ mobility is becoming at the center of urban 
transportation systems in smart cities. The interaction be-
tween pedestrians and vehicles has a great effect on envi-
ronment and economy. The understanding of different pat-
terns of the movement of pedestrians and vehicles results in 
the reduction of traffic congestion, traffic crashes, air pollu-
tion and fuel consumption. This understanding can be im-
proved by utilizing new technologies such as mobile phones. 
In this study, mobile phones are utilized in tracking pedestri-
ans’ movement by collecting spatio-temporal data using 
GPS receivers in mobile phones. Mobile phones are contin-
uously held by most of the community. With the availability 
of 3G technology, this gives the capability of making the 
collection of data more compatible with the natural behavior 
of pedestrians in their daily life. Moreover, the use of mobile 
phones in data collection requires less time and lower costs 
compared with the traditional methods (i.e., questionnaires) 
that also may introduce biased data because not all agents 
know how to professionally assess the system. 
 
Previous studies regarding pedestrians’ movement at-
tempted to evaluate the conditions and understand the be-
havior using models that are developed based on manually 
collected data or using expensive technologies such as im-
age processing.         
 
The effect of random mid-block pedestrian crossing on a 
major arterial urban street (Nablus-Qalqilia Street) and 
found an adverse effect on both the average travel speed and 
the average number of stops per vehicle. The study consid-
ered three scenarios; no vehicular-pedestrian interaction: 
Which was used as the reference to the other scenarios were 
compared, zebra crossing area: Where pedestrians cross us-
ing the designated crosswalks, random mid-block crossing: 
which represents the most corresponding to the current sit-
uation [1]. 
 
A new model was developed for the purpose of being ap-
plied in the Greek urban environment because the existing 
methodologies usually refer to different conditions than the 
existing in the Greek cities. They focused on the idea that 
pedestrians are getting the most important part of urban mo-
bility. The authors found that their proposed developed 
model was the most effective one to estimate the users’ per-
ception of the level of service. Based on the results of the 
questionnaire, the authors had calibrated their proposed 
model. They had assigned a specific weight to each parame-
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ter in evaluation process: traffic parameters, geometry, envi-
ronmental, sidewalk parameters and pedestrian movement 
parameters. The first category of parameters had a weight of 
40%, while the other two had 30% each. 18 parameters were 
identified and used to estimate the level of service with a 
scale between 0 and two (maximum score 2 and minimum 
score 0) [2].  
 
A trial of creating a foundation for the evaluation and im-
provement of campus streets for pedestrians was done by 
Considering 27 coefficients, every facility had some mark, 
the study assessed facilities with grades between A (highest) 
and F (lowest) [3]. 
 
The city center of Delft was studied to develop a better 
understanding of pedestrian behavior. The research analyzes 
the behavior of pedestrians in the city center by determining 
the origins and destinations for each pedestrian group and 
the transportation mode choice using GPS-tracking technol-
ogy (temporal-geographical information) and questionnaires 
(social-geographical information). The results consist of 
visualized GPS-tracks (GIS maps) and facts and figures 
(density analysis map, heat map, SPSS statistical analysis). 
In order to determine the quality of public space and built 
environment, streets are visualized using positive and nega-
tive factors [4]. 
 
This paper aims at presenting the results of a pilot appli-
cation of mobile phones in Palestine considered in the study 
and analysis of pedestrians crossing a busy arterial street in 
front of An-Najah National University New Campus in Na-
blus. The paper aims as well to study and analyze the pattern 
of pedestrians' movement using ArcGIS software using ad-
vanced spatial analysis tools. 
 
II METHODOLOGY 
In order to simulate the behavior of pedestrians in the 
study area, the methodology considers the detection of pe-
destrians actual movement crossing the street in front of the 
university new campus. Therefore, and to explore such be-
havior, a specified number of test pedestrians (volunteers) 
were asked to cross the street in a manner that represents the 
average pedestrian behavior. This is achieved in away anal-
ogous to floating car technique. In such case, the pedestrian 
(similar to a car driver) tries to float in the traffic stream 
passing as many pedestrians ((similar to vehicles) as pass the 
test pedestrian. The resulting recorded travel time and speed, 
as well as direction of movement, for the test pedestrians are 
then assumed to resemble the pedestrian traffic flow charac-
teristics. 
 
For the test pedestrians, while having their mobiles active 
with specially developed app turned on, all motion related 
aspects in terms of space and time are detected and stored. 
The mobile phones’ GPS receivers are utilized to record 
spatio-temporal data using an application developed pur-
posely for this study. This app is an Android-based applica-
tion, namely, Smart Campus Project Toolbox Location-
Movement Tracker developed by Suhayb Yayha and Dr. 
Eihab Hijazi of An-Najah National University.   
 
The GPS-based mobile phone application records lati-
tude-longitude pairs with time. However, due to mobile ca-
pabilities of receiving signals from GPS system, the time 
entered upon which it is wished to record data is never stuck 
to. Some intervals were as high as 300 seconds between 
each record and the other. For finding the distance between 
points (d) the Spherical Law of Cosines is employed. This 
can be used for short distance on the earth’s surface as in the 
case of urban areas. The equation of this formula is as fol-
lows: 
 
d =  acos( sin φ1  ×  sin φ2  +  cos φ1  ×  cos φ2  ×
 cos Δλ ) × R                                                                              (1) 
  
where 
φ1 = latitude value of the first point 
φ2 = latitude value of the second point 
λ = longitude value 
R= earth’s radius, 6,371,000 m 
Acos: the cosine inverse function. 
 
After that, ArcGIS software is used to represent and ana-
lyze the collected data, specifically, the recorded coordinates 
for each time unit for each of the test pedestrians. Necessary 
manipulations and processes can then be conducted for ana-
lyzing the collected data using ArcGIS. This facilitates as-
sessment of the outcome and reaching conclusions. 
 
III DATA COLLECTION AND ANALYSIS 
Data collection was conducted by tracking eleven volun-
teers while crossing the street in front of the An-Najah Na-
tional University New Campus. After tracking the eleven 
volunteers during the peak hour period on Tuesday, Wednes-
day and Thursday, ArcGIS software was used to represent 
the recorded coordinates of the volunteers. This was done 
using World Geodetic System (WGS) 1984 as a geographic 
reference model. 
 
The data were represented in ArcGIS as shown in Figure 
1. The filtration of recorded coordinates was a necessary 
step to eliminate points that were recorded at the start of 
time when the signal is quit poor, these points located out-
side the study area. After this step, the data looked more 
consistent and spatially concentrated in the area where data 
were recorded in reality.  
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Figure 1 Representation of data as points 
 
Each successive coordinates were connected by a line con-
sidering the temporal order of these points. This was done 
using “x-y to line” tool in ArcGIS and resulted in finding the 
lines of movement of each pedestrian as shown in in Figure 
2. 
 
Figure 2 The “x-y to line” tool output illustrated 
 
To understand the behavior of each pedestrian in crossing 
the street, the mean line of each pedestrian’s successive 
movements was also determined using “Linear Directional 
Mean”. Each line of the crossing pedestrians considered as 
the representative movement in terms of location and direc-
tion as illustrated in Figure 3. 
 
 
Figure 3 The representative lines of pedestrians’ movements 
 
By repeating the previous step for the resulted lines, the 
mean line of all lines was found. This line gives an indica-
tion about the overall behavior of pedestrians while crossing 
the street. As shown in Figure 4, it is seen that the general 
behavior of the pedestrians tends to be diagonal movement. 
 
 
Figure 4 The mean line of all the mean lines 
 
The speed of pedestrians was also measured manually and 
analyzed using “Hot Spot” tool in ArcGIS to illustrate the 
variation in speed values corresponding to variation in spa-
tial coordinates as depicted in Figure 5. 
 
Figure 5.a Hot spot analysis of speeds 
 
 
Figure 5.b Hot spot analysis of speeds 
IV RESULTS 
The representative line of each pedestrian’s movements 
helped in understanding the individual behavior and how 
each pedestrian tends to use the street and cross it. It can be 
understood well that almost none of the walking paths strict-
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ly corresponds to follow the crosswalk. This means that the 
outcome, based on observations, illustrates that a significant 
portion of pedestrians do not use crosswalk in crossing the 
street. This fact is emphasized by the mean line of all the 
lines which can be seen diagonal, unlike the current cross-
walk, which is perpendicular to the street’s centerline. This 
may be one of the causes of run over accidents. Many field 
observations were that drivers do not expect the behavior of 
the pedestrians crossing the road and so they are usually 
surprised by the existence of them at some points which they 
are not expected at. 
 
As for calculated speeds, the range of pedestrians’ speeds 
wasn’t very rationale in the case of our study (about 7.6m/s), 
but the mean speed was reasonable, about 1.2m/s as shown 
in Figure 6. This value is slightly higher than the typically 
used value 1.05m/s by about 14% [5]. This can be explained 
by the age group of crossing pedestrians, where the vast 
majority are young university students with higher walking 
speed. 
 
 The standard deviation of the speeds was also 1.2m/s, 
which indicates a low accuracy in receiving and recording 
GPS-signals in mobile phones. This variation in speed val-
ues and the spatial error in coordinates might be reduced to a 
minimum by continuous tracking of pedestrians in such a 
population for several weeks.  
 
 
Figure 6 .a Classification of pedestrians' speeds using ArcGIS with statistics 
 
  
Figure 6 .b Classification of pedestrians' speeds using ArcGIS with statistics 
V CONCLUSION AND DIRECTIONS FOR FUTURE 
WORK 
This study was the first of its kind in Palestine. It aims to 
encourage the work on this subject and intends to open new 
horizons in utilizing new technologies to assess pedestrians’ 
movement as part of smart cities applications related to 
transportation. The utilization of mobile phones with the 
availability of 3G technology (expected before the end of 
2016) in the process of data collection results in continuous-
ly-collected data with lower cost and less time comparing 
with the traditional methods that depend mainly on manual 
collection. This spatio-temporal data can be used in under-
standing the pattern of pedestrians’ movement in smart cities 
over extended periods of time.  
 
Traffic congestion and accidents might be reduced by es-
tablishing more suitable facilities such as cross-walks, side-
walks and traffic signals that take into account the real be-
havior of pedestrians. Smart traffic signals that are designed 
based on mass data considering different patterns of pedes-
trians’ movement would contribute not only in the reduction 
of traffic congestion and time delay, but also would result in 
reducing fuel consumption and air pollution caused by vehi-
cles, particularly in congested areas as in the case of down-
town and commercial areas in cities. 
 
Besides the pedestrians’ movement, the use of this tech-
nology is recommended for vehicles as the error of some 
meters is negligible relative to the mobility of vehicles, es-
pecially in the case of freeways. This is also due to the fact 
that GPS does not record displacement but coordinates in-
stead, which may not reflect the displacement, especially 
when the time lapse is high. Moreover, vehicles have more 
well-defined paths and do not move back and forth. This 
technology might also be used in congested areas with fur-
ther studies and by establishing methods and models that 
helps in improving the accuracy of the collected data. 
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